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ABSTRACT

Cartilage tissue engineering, by using stem cells, scaffolding and appropri-
ate growth factors, seek to produce natural cartilage tissue to replace damaged tissue and solve the
problems that exist in the treatment of cartilage damage. This study aims to compare chondrogenic
differentiation of adipose-derived stem cells under the influence of the transforming growth factor beta
3 (TGF-B3), Kartogenin, and avocado/soybean unsaponifiables (ASU) on the fibrin scaffold in the labora-
tory and animal models.

In this experimental laboratory study, after extraction of stem cells from human
adipose tissue, induction of chondrogenic differentiation was done for 14 days on the fibrin scaffold in
laboratory. The cells differentiated in the fibrin scaffold were transplanted subcutaneously under the
skin of male rats for two weeks. Then, comparison of histological and immunohistochemical studies was
performed in both laboratory and animal models.

[T A significant increase in the density of Toluidine blue dye accumulation was observed in TGF-B3,
Kartogenin and ASU groups in the animal model compared to the laboratory model. Immunohistochem-
ical results for the collagen type X accumulation in the TGF-B3 group showed a significant increase in the
animal model compared to the laboratory model. In the Kartogenin and ASU groups, the accumulation
of collagen type X showed a significant decrease in the animal model compared to the laboratory model.
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Extended Abstract

Introduction

rticular cartilage is a highly specialized

connective tissue with no blood vessels,

lymphatics and nerves. It is morphologi-

cally characterized by a small number of
chondrocytes that are responsible for the production,
organization and protection of the extracellular matrix.
This tissue has minimal compensatory potential for in-
nate healing and repair. It is degenerated with aging, se-
vere weight bearing, trauma and joint disorders such as
osteoarthritis. In tissue engineering, the use of biological
and engineering principles has led to the development
of functional methods for replacement of damaged tis-
sues. The tissue engineering has been able to provide a
lot of services in regenerative medicine and regenera-
tion of human body tissues with the progress in the ap-
plication of material engineering, stem cell extraction,
cell signaling, and transforming growth factors (TGFs).
The TGF family belongs to the family of biologically
active chemicals that are very useful in cartilage tissue
engineering. TGF-B3 causes the production of extracel-
lular matrix in cartilage and leads to an increase in the
synthesis of sulfated glycosaminoglycans. Despite the
positive effects of this growth factor on the differentia-
tion of stem cells, several studies have shown that it can
also increase the expression of collagen gene type X in
the chondrogenesis process.

The small small-molecule compound Kartogenin has
recently been proposed as an induction factor in cartilage
tissue engineering, which increases the expression of
genes involved in chondrogenesis, such as SOX9, type
II collagen, and aggrecan. natural products can be safer
than prescribed medications and have less side effects.
For this reason, there is great interest in the application
of herbal medicine for treatment of diseases. The avoca-
do/soybean unsaponifiables (ASU) consists of one-third
avocado and two-third soybean. The main components
of ASU are phytosterols B-sitosterol, campesterol and
stigmasterol, which are quickly absorbed into the cells.
ASU is a complex combination of various fat-soluble
vitamins, sterols, tritetrapene alcohol, and furan fatty ac-
ids. Moreover, it has a positive effect on osteoarthritis
and inhibits cartilage fracture and stimulates the produc-
tion of collagen and Aggrecan by inhibiting a number
of molecules and pathways involved in osteoarthritis. In
this study, we used Kartogenin, ASU, and TGF-3 for
chondrogenic differentiation. The goal is to find a suit-
able compound with good chondrogenic differentiation,
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reasonable price, and no harmful side effects such as hy-
pertrophy and reduced viability of stem cells.

Methods

This is an experimental laboratory study. After extract-
ing stem cells from human adipose tissue, chondrogenic
differentiation was induced for 14 days on fibrin scaffold
in the laboratory. The cells transferred to the fibrin scaf-
fold were classified into four groups: (a) Control group
(cells affected by chondrogenic differentiation medium
without growth factors), (b) TGF-B3 group (cells affect-
ed by the chondrogenic medium containing TGF-33 at a
dose of 10 ng/mL), (c) Kartogenin group (cells affected
by the chondrogenic differentiation medium containing
Kartogenin at a dose of 100 nmol), and (d) ASU group
(cells affected by the chondrogenic differentiation me-
dium containing ASU at a dose of 10 pg/mL). To in-
vestigate the changes of fibrin scaffolds and differenti-
ated cells in an animal model, after separating stem cells
from adipose and then cell culture up to passage 2, fibrin
scaffolds and stem cells were differentiated for 14 days
by using chondrogenic medium containing the above
mentioned factors. After the fourteenth day, scaffolds
containing cells were transplanted under the skin of
male rats. At the end of the experiments, after anesthe-
tizing the animals, sampling was done. For histological
study of different groups, fibrin scaffolds and cells were
put in 10% formalin solution. After 24 hours, the fixed
samples were placed in the tissue processor and, after
passing through the stages of dehydration and clarifica-
tion, were molded in paraffin. Then, a 5-micron sections
of the blocks were prepared and stained for histology,
histochemistry and immunohistochemistry studies. To-
luidine blue staining and Safranin-O staining were used
for histological examination, and immunohistochemical
technique was used to prove the presence of type 2 and
10 collagen proteins in the tested samples.

Results

Comparison of toluidine blue dye accumulation den-
sity showed the increased accumulation of proteoglycan
in all groups in the extracellular matrix of animal model
compared to laboratory conditions. This increase was
significant for the TGF-f3, Kartogenin, and ASU groups
(P<0.05), but was not significant for the control group.
Comparison of the density of safranin-O dye accumula-
tion showed an increase in all groups in the animal mod-
el compared to the laboratory model, but this increase
was significant only in the ASU group (P<0.05).
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Regarding the immunohistochemical results of colla-
gen type 2 and 10, the accumulation of diaminobenzi-
dine (DAB) color in the groups which indicates the ac-
cumulation of collagen type 2 in the extracellular matrix,
was found in all groups, but it was not significant in any
groups. The accumulation of DAB color in the groups
which indicates the accumulation of collagen type X
in the extracellular matrix, was found in all groups. In
the TGF-B3 group, the amount of collagen type X ac-
cumulation in the animal model increased significantly
compared to laboratory model. However, in the Karto-
genin and ASU groups, collagen type X accumulation in
the animal model significantly decreased compared to
laboratory model.

Discussion

Compared to the expensive growth factor TGF-B3,
Kartogenin and ASU are able to induce chondrogenic-
ity in adipose-derived stem cells, where the effect of
Kartogenin in 14 days seems to be higher compared
to ASU. On the other hand, the inhibitory effect on the
expression of genes involved in ASU hypertrophy is
greater than that in Kartogenin and TGF-B3. The results
of animal models indicates that the implantation of dif-
ferentiated cartilage cells in the laboratory environment
before transferring to the lesion site can help to mature
and complete the features of the constructed cartilage.
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